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Purpose: To describe a standardized technique for acquiring and
viewing photographic images of eyelids, assess the reproducibility and
validity of a grading protocol for signs of anterior blepharitis, and to
explore whether the signs depend on the eyelid or the area of the
eyelid assessed.

Methods: Subjects with anterior blepharitis ranging from none to
severe were examined by ophthalmologists at clinical sites. Digital
images of the eyelids of subjects were acquired using a protocol that
allowed for the calibration of color and luminance. Three ophthalmologists at a centralized reading center applied a novel protocol for grading
features of anterior blepharitis from the digital images viewed on colorcalibrated monitors. The agreement among graders was assessed using
percent agreement and weighted kappa statistics (Kw), and the correlation of photographic and clinical gradings was assessed using Spearman
correlation coefﬁcients.
Results: Agreement among graders was excellent (Kw . 0.80) on
the number of eyelid margin vessels and was substantial (Kw
between 0.61 and 0.80) for erythema, collarettes, number of
engorged vessels, and number of lashes. Grading of the photographic
images and the clinical assessments of erythema and lid debris were
moderately correlated (r = 0.27–0.45). The grades for different fea-
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tures depended on whether the upper or lower eyelid, eyelid skin or
lid margin, and central or lateral lid were assessed.

Conclusions: The application of a protocol to obtain and display
calibrated digital images of eyelids supports the standardized assessment of anterior blepharitis in clinical care and research studies.
Key Words: standardized photographs, anterior blepharitis, grading,
reading center
(Cornea 2013;32:1475–1482)

B

lepharitis, an inﬂammatory condition of the eyelids, occurs
in a high proportion (.35%) of patients examined by ophthalmologists and optometrists.1 Blepharitis can be classiﬁed by
its location on the eyelids, that is, anterior or posterior, although
patients often exhibit some features of both types. Anterior
blepharitis is the inﬂammation of the lid margin anterior to
the gray line and is centered around the lash follicles.2 Visible
eyelid signs in anterior blepharitis include erythema of the skin
and lid margin, development of abnormal blood vessels or
telangiectasias, and the build-up of eyelash debris.
Clinical research on blepharitis has been hampered by
varied terminologies and by uncertainty about which signs might
be the most diagnostic. Generally, the signs of blepharitis are
assessed subjectively using reference scales, but such gradings
can be adversely affected by variable disease/scale deﬁnitions,
by unspeciﬁed or uncontrolled examination conditions, and by
interobserver variability. In ophthalmology, the use of photographic images and well-deﬁned assessment criteria have been
adopted for many diseases, such as diabetic retinopathy, macular
degeneration, and glaucoma.3–8 Photographic images allow for
a more objective and reproducible assessment than is possible in
a clinical setting. Photographs also permit evaluations by more
than 1 grader and allow for the use of image analysis to study
regions of interest. For blepharitis, developing such objective
approaches could facilitate one to characterize affected patients
and determine disease status over time, which are key requirements for clinical trials.
To our knowledge, there are no validated blepharitis
grading systems based on digital photographic assessment. One
factor that may be contributing to the absence of photographybased assessment is that color (ie, eyelid erythema) is crucial in
identifying and quantifying blepharitis. The capture and display
of color images by means of external photography are
www.corneajrnl.com |
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challenging. The intensity and composition of both ambient and
photographic ﬂash lighting inﬂuence the color characteristics of
the resulting image. In addition, the color in images of the same
target also may vary because of the differences in the technical
features of image capture among cameras, characteristics of
color processing, and the way in which images are displayed.
Here, we describe a technique to obtain, normalize, and
view photographic images of the eyelids. We also developed
a protocol to grade anterior blepharitis that includes both
conventional signs and signs not commonly assessed in
conventional approaches to grade the disease. We assess the
grading protocol as applied to digital images and explore the
utility of less commonly evaluated signs of the disease.

MATERIALS AND METHODS
Human Subjects and Clinical Examination
Subjects with or without a clinical diagnosis of anterior
blepharitis and who were at least 18 years of age were recruited
by ophthalmologists from 5 clinical centers located in Cleveland,
OH; Torrance, CA; Artesia, CA; New Albany, IN; and
Philadelphia, PA. All the subjects provided informed consent.
The research protocol and informed consent forms were
approved by the local Institutional Review Board of each center.
The research adhered to the tenets of the Declaration of Helsinki.
The subjects were examined by ophthalmologists and
graded on 2 features for each eye: erythema of the lower eyelid
margin and the presence of lid debris on the upper and lower
eyelids. Each feature was graded on a scale of 0 (normal) to 4
(very severe). A photographer trained in the protocol for image
acquisition took photographs of the lids of each eye.

Image Acquisition
A standardized external photography protocol was
developed to obtain images of the upper and lower eyelids.
Photographs were taken using the EOS Rebel T2i camera
(Canon USA, Inc), which has a built-in pop-up ﬂash, and with
a 100-mm macrolens equipped with image stabilization
(Canon EF 100 mm f/2.8 L IS USM). Photographers used
an adjustable monopod for positioning the camera.
For each subject, a series of images was acquired in
a single session. As part of the session, a color calibration
image was obtained, consisting of the mini (2.25 · 3.25 in)
Gretag Macbeth Color Checker Chart together with a white
index card. These were placed at the approximate location of
the subject for photography (Fig. 1A)—that is, with the camera approximately 1 m away from the chart and the card. The
Color Checker Chart contains 24 precisely produced and colorimetrically stable colored squares and provides a reference
color characterization. The index card was subsequently
placed near the eye of each subject and included in each
clinical photograph, thus allowing image-by-image white
balancing that was referenced to the Color Checker Chart.
This approach enabled the conversion of the eyelid images
to a standard color representation (eg, CIE XYZ, CIELAB,
CIELAB hsl, sRGB) for viewing on a calibrated display, for
future analysis, and for minimizing the variation in the image
color across centers, patients, and over time.
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FIGURE 1. A, Macbeth Color Checker Chart (left) and index
card (right). Image balanced to D5000 illuminant. B, Color
balancing to different illuminants. Same image color balanced
to 4 different illuminants (ie, standard visible light sources) and
then luminance corrected. Clockwise from the upper left: CIE
Illuminant A, 4000 ˚K daylight, 5000 ˚K daylight, and CIE D65.
For grading, images were color balanced to the 5000 ˚K
daylight. We judged this color balance to be the best match to
the clinical appearance of the eyes when they were viewed
using a slit lamp. The obvious visual differences between these
images underscore the necessity of color balancing and
luminance correction in the grading of images on parameters
dependent on color and related properties.

Eyelid images were taken at a magniﬁcation of 1:1.5.
Two images of the upper eyelid were taken, 1 focused on the
eyelid skin surrounding the base of the eyelashes with the
subject looking straight ahead and the other focused on the lid
margin with the subject looking up (Fig. 2). Next, 2 images of
the lower eyelid were taken, 1 focused on the eyelid skin
surrounding the base of the lower lashes with the subject
looking straight ahead and the other focused on the everted
lower lid margin with the subject looking straight ahead
(taken while having the subject gently evert his or her own
lower eyelid). All the images contained a region showing
a portion of the index card.
 2013 Lippincott Williams & Wilkins
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Image Processing

Image data were saved in Canon’s CR2 raw ﬁle format.
The public domain program dcraw (http://www.cybercom.net/
;dcofﬁn/dcraw/, versions 8.99–9.05, command line options
‘-6 -W -o 5 -g 1 1’) was used to extract the image data from the
raw ﬁles and into a nominal CIE XYZ tristimulus representation.9
This representation was then processed further by custom software written in MATLAB (MathWorks, Inc). The images of the
Macbeth Color Checker and the white index card were used to
standardize all the photographs for both luminance and color.
The image of the Color Checker Chart was analyzed to
determine an afﬁne linear transformation between the camera
data and the CIE XYZ tristimulus coordinates. We used the
measurements of the surface reﬂectance function of the
individual Color Checker Chart squares (obtained at http://
www.babelcolor.com) and computed the target CIE XYZ tristimulus coordinates of the squares under a 5000 K CIE daylight. We then extracted the nominal XYZ coordinates of each
square from the calibration image and found the afﬁne linear
transformation that brought the nominal coordinates into agreement with the target coordinates, based on minimizing the
summed CIELAB ΔE error between the transformed and target
coordinates. This transformation was applied to the eyelid
images, and it produced calibrated XYZ images that were
white balanced to 5000 K illumination (Fig. 1B).
One additional step was implemented to correct for
slight image-to-image variation in illumination. A diagonal
linear transformation was applied to the calibrated XYZ
values for each image. This transformation brought the
calibrated XYZ values for the white card obtained in each
eyelid image into register with the calibrated XYZ values for
the white card in the color calibration image (Fig. 3).

Image Display

FIGURE 2. Four eyelid views taken for each eye. A, Upper lid,
looking straight; B, Upper lid, looking up; C, Lower lid, looking
straight; and D, Lower lid, everted.

Images were displayed for grading on calibrated monitors
(NEC 2499 PA241W-BK-SV) and viewed in Photoshop (Adobe
Systems, Inc). To convert the XYZ images to red, green, and
blue (RGB) values for display, we ﬁrst used the calibration head
and software supplied with the monitors to place each of them
into the same well-deﬁned target state (white point of D5000,
maximum luminance of 220 cd/m2, contrast of 500:1, and
gamma of 2.2). We then used a spectrophotometer (PR-650,
Photo Research, Inc) to measure a set 30 spatially uniform test
images displayed on 1 of the monitors using Photoshop. Each test
image drove only 1 of the RGB monitor channels. Within channels, the image values ranged from 0 (minimum) to 255 (maximum). The monitor calibration data obtained with the PR-650
were used in conjunction with the standard methods to convert
between XYZ and RGB values in a manner that accounted for
the channel spectral power distributions and the gamma functions
of the monitor.10 An overall scale factor, common to all images,
was applied before conversion to RGB so as to bring the eyelid
images into the luminance range of the monitor.

Central Grading of Images
Processed photographs were graded independently
by 3 ophthalmologists (M.M.G., E.D., and V.Y.B.) who
 2013 Lippincott Williams & Wilkins
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FIGURE 3. Two images of the same
subject, taken in the same session. The
top row shows the images without
color balancing or luminance correction. Note the luminance difference
between the left and right images. The
bottom row shows the result of color
balancing and luminance correction.
This corrects for much of the imageto-image variability, which is primarily
variability in luminance. These images
were color balanced to a D5000 illuminant, the color balance used in the
grading. The colors in digital or print
representations of these images may
not precisely mimic the actual graded
images unless the color management
systems are appropriately matched.
See also Figure 1B.

were masked to the grades assigned by the ophthalmologist who examined the patients in the clinical centers. All
images were displayed on the color-calibrated monitors
described above using Photoshop CS5 (Adobe, Corp) at
a 50% magniﬁcation.

Features of Anterior Blepharitis Included in
the Grading Scale

For each eyelid image, the central two-thirds of the
eyelid, deﬁned by the horizontal borders of the cornea on
each image, was considered. Custom programs were
written for Photoshop to delineate the center two-thirds
of each lid and divide it into 5 equal “subareas,” using
vertical lines to delineate each subarea (Fig. 4). Subareas
were labeled 1 to 5 starting with the most nasal subarea in
each eye.

Three main eyelid features of anterior blepharitis
were assessed in the photographs: erythema, vasculature,
and debris. In addition, we recorded several parameters that
are not typically assessed: the number of visible engorged
blood vessels, eyelashes, short eyelashes, clumps, and
microabscesses.
The erythema of the lid skin and lid margin was assessed
for each lid relative to an unaffected area of facial skin near the
eyelid. Lid skin was deﬁned as the skin at the base of the
eyelashes within 1 eyelid margin width from the anterior lid
margin. Only the anterior half of the eyelid margin was graded.
The area of unaffected skin (control skin) was deﬁned as the
skin present 3 eyelid margin widths away from the anterior lid
margin (Fig. 5). Lid skin and lid margin were graded on a scale

FIGURE 4. Vertical lines delineating 5 subareas of the central
two-thirds of the eyelid that were used for grading. Subareas
were labeled 1 to 5, nasally to temporally for each eyelid.

FIGURE 5. The rectangle delineates the area of the skin used
as an internal control for the assessment of eyelid skin erythema and anterior eyelid margin erythema.

Region of Interest for Grading
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of 0 to 3, with 0 denoting redness equivalent to the redness of
the control skin and 3 denoting markedly increased redness.
For the anterior eyelid skin and the anterior half of the
eyelid margin, the number of blood vessels was counted in
each subarea. For the eyelid skin, vessels were counted if they
were readily visible in the image, and the grader could easily
trace the course of the vessel. For the lid margin, vessels were
counted when they (1) originated from the anterior half of the
lid margin and were approximately perpendicular to the line
dividing the lid margin into anterior and posterior halves; (2)
were perpendicular to and crossed the dividing line; and (3)
were visible enough to be traced easily. For vessels that
crossed between 2 subareas, the vessel was only counted if it
crossed the left border of a given subarea (to avoid repetitive
counting). Subsequently, the number of engorged dilated
blood vessels visible on the eyelid skin and the lid margin was
counted in each subarea.
Eyelid debris, collarettes, clumps, and microabscesses
were counted when they were present in the images of the lid
margin on the half of the eyelash toward the base. Collarettes
were counted in each subarea. The number of full-length
eyelashes and short eyelashes was counted in each image. Short
eyelashes were deﬁned as eyelashes whose length was less than
half of the length of the adjacent full-length eyelashes. Clumps
were deﬁned as a large piece of eyelid debris that involved the
basal half of at least 3 contiguous eyelashes. Microabscesses
were deﬁned as visible ulcerations or small collections present
on the eyelid near the base of the eyelashes.

Statistical Analyses
The agreement between graders on scoring of each
feature was summarized by the percent of exact agreement
and the weighted kappa statistic. Weighted kappa takes into
account the degree of disagreement of individual grades
among observers. The following terms are often used to
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describe the degree of weighted kappa agreement: slight
(0.00–0.20), fair (0.21–0.40), moderate (0.41–0.60), substantial (0.61–0.80), and almost perfect (0.81–1.00).11 The
association of assessments of erythema and lid debris
between ophthalmologists who examined the patients and
ophthalmologists who graded the photographic images was
assessed using Spearman correlation coefﬁcients. For the
correlation analysis, the summary score from images for
an eye was computed by ﬁrst calculating the median score
per subarea among the 3 graders. For erythema, the 5 scores
corresponding to the 5 subareas of the lower lid margin were
averaged. For lid debris, the 20 scores corresponding to the
5 subareas of the upper and lower skin and lid margin were
averaged.

RESULTS
Among the 43 patients whose photographs were assessed,
the mean (SD) age was 64 (15) years, 27 (63%) were women,
and the majority (93%) were white. The features of the eyelids
are displayed in Supplemental Digital Content 1 (see Table,
http://links.lww.com/ICO/A143); subarea scores are the median
of the scores assigned by the 3 graders. Relatively few eyes
were scored with the highest level of erythema. Approximately
half of the eyes had no apparent visible vessels in the eyelid
skin. The majority of lids had at least 1 collarette, and at least 1
vessel in the lid margin was graded as engorged for approximately 25% of the lids. The mean (SD) number of lashes within
the central two-thirds of the lower lid was 39.0 (9.0) for right
eyes and 38.6 (8.8) for left eyes.

Intergrader Reliability and Correlation of
Grading Scores With Clinical Assessments
The agreement on subarea scores between pairs of graders
is summarized by the percentage of scores that agreed exactly
and the weighted kappa (Kw) statistic (Table 1). The kappa

TABLE 1. Summary of the Agreement Between Grader Pairs in Gradings of Features Within Subareas
Grader Pair
Feature (Subareas, N†)
Erythema
1720
Vessels
1720
Collarettes
1720
Engorged
860
Lashes
430
Short lashes
430
Clumps
860

Agreement Measure
Exact agreement, n (%)
Weighted kappa (CI*)
Exact agreement, n (%)
Weighted kappa (CI*)
Exact agreement, n (%)
Weighted kappa (CI*)
Exact agreement, n (%)
Weighted kappa (CI*)
Exact agreement, n (%)
Weighted kappa (CI*)
Exact agreement, n (%)
Weighted kappa (CI*)
Exact agreement, n (%)
Kappa (CI*)

A and B
1039
0.73
1313
0.86
1005
0.65
746
0.58
77
0.67
215
0.51
836
0.49

(61.8)
(0.70, 0.75)
(78.4)
(0.84, 0.88)
(59.4)
(0.61, 0.70)
(89.8)
(0.47, 0.70)
(17.9)
(0.61, 0.72)
(50.0)
(0.44, 0.61)
(97.2)
(0.31, 0.66)

A and C
928
0.67
1281
0.84
1017
0.62
761
0.57
178
0.86
187
0.42
839
0.54

(54.8)
(0.64, 0.69)
(76.6)
(0.81, 0.86)
(60.7)
(0.57, 0.67)
(91.8)
(0.39, 0.70)
(41.4)
(0.82, 0.89)
(43.5)
(0.30, 0.49)
(97.7)
(0.36, 0.71)

B and C
1039
0.72
1357
0.89
1142
0.76
770
0.75
74
0.61
229
0.58
837
0.63

(60.8)
(0.70, 0.75)
(81.2)
(0.87, 0.91)
(66.8)
(0.72, 0.79)
(92.4)
(0.66, 0.82)
(17.2)
(0.57, 0.67)
(53.3)
(0.50, 0.63)
(97.4)
(0.49, 0.77)

*95% CI.
†Denominators for each grader pair may vary because of differing numbers of areas judged to be of adequate quality for grading.
CI, conﬁdence interval.
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statistic indicated the best agreement (Kw . 0.80) for the number of vessels per subarea, with substantial agreement for erythema, collarettes, number of engorged vessels, and the number
of lashes. Agreement for the number of short lashes and the
presence of clumps or debris was moderate.
The correlation between grading of the photographic
images and the clinical assessments of the 2 features by the
ophthalmologists examining the patients was determined. For
erythema, the Spearman correlation coefﬁcient was 0.42 for
right eyes and 0.27 for left eyes (P = 0.01 and 0.08, respectively). For lid debris, the Spearman correlation coefﬁcient
was 0.40 for the right eyes and 0.45 for the left eyes (P = 0.01
and 0.003, respectively).

Systematic Variation in Characteristics Within
and Between Images of Patients
We examined the data for any systematic effects or
patterns present within the image sets, such as an increased
number of markers of severe disease present in the left versus
right eyes, upper versus lower lids, differences depending on
the view (eg, upper lid straight vs. upper lid looking up), or
differences because of different subareas (Table 2). For erythema, we found that lower eyelids had higher scores than
upper eyelids had (P , 0.0001) and that the eyelid skin had
more erythema than the eyelid margin had (P , 0.0001). For
vasculature, the upper eyelids were more likely to have visible vessels than lower eyelids (P = 0.003), and images with
straight ahead views were more likely to have visible vessels
than eyelid margin images (P = 0.0002). Visible vessels in the
eyelids were least likely present in the most nasal subarea
(subarea 1). Visible collarettes were more likely to be seen
in the lower lids than in the upper lids (P = 0.002) and were
more likely to be visible in the straight ahead view compared
with the eyelid margin view (P = 0.005).
TABLE 2. Multivariate Analysis of the Influence of the Lid,
View, and Subarea on Erythema, Vessels, and Collarettes

Lid
Lower eyelid
Upper eyelid
P*
View
Eyelid margin
Eyelid skin
P*
Subarea
1
2
3
4
5
P*

Odds Ratio (95% CI)

Mean (SE)
Erythema

Vessels

Collarettes

1.64 (0.08)
1.23 (0.10)
,0.0001

1.00
0.59 (0.43, 0.80)
0.003

1.00
1.63 (1.25, 2.13)
0.002

1.23 (0.09)
1.65 (0.09)
,0.0001

1.00
0.37 (0.24, 0.56)
0.0001

1.00
0.73 (0.60, 0.89)
0.005

1.45 (0.09)
1.46 (0.09)
1.43 (0.09)
1.42 (0.09)
1.43 (0.09)
0.84

1.44
1.89
2.12
1.87

1.00
(1.13, 1.84)
(1.46, 2.45)
(1.52, 2.96)
(1.44, 2.43)
0.002

0.89
0.72
0.95
1.00

1.00
(0.69,
(0.52,
(0.72,
(0.75,
0.19

1.16)
1.02)
1.25)
1.33)

*P values are from generalized linear models using the generalized estimating
equations approach to account for the correlations of repeated measures for 1 patient.

1480

| www.corneajrnl.com

The features of 5 subareas were analyzed for each eyelid.
There were no signiﬁcant differences in subareas for erythema,
lashes, short lashes, visible collarettes, or clumps. However,
there was a statistically signiﬁcant pattern of more visible
vessels being present in the middle subarea (subarea 3) and
more temporal subareas (subareas 4–5) compared with the nasal
subareas (P = 0.001). Also, more engorged vessels were visible
in the temporal subareas (subareas 4–5; P = 0.035).

Redundancy of Information Among Images
of Patients
The different views of the same eyelid, comparing the
upper with lower eyelids of the same eye, and assessing the
left and right eyes of the same subjects provided different
information.
For example, gradings of erythema differed 47% of the
time between the lower and upper eyelid skin. Straight ahead
versus everted view of lower lids gave different gradings of
collarettes 38% of the time.

DISCUSSION
We were motivated by a need for a system to obtain
photographs of blepharitis patients from multiple clinical
centers and for performing reliable masked grading at a central
reading center. To achieve this goal, we developed a photography protocol for standardized image acquisition and
a grading protocol that included the key signs of blepharitis.

Standardized Protocol for Image Acquisition
and Display
For external disease of the eye and eyelids, there are
currently no standardized widely used imaging techniques.
Here, for anterior blepharitis, we designed a photography
protocol to minimize the variability in images resulting from
different environmental conditions at the time of image
acquisition, from different cameras and acquisition procedures
and from different conditions of viewing. We used readily
available camera equipment, and our method should work with
many cameras. The use of internal and external standards, as
described above, allows image acquisition at multiple sites with
conversion of the resultant images into a calibrated representation in the CIE XYZ or other standard color spaces. Our
methodology meets the practical constraints of clinical trials
where patients may be seen at many locations and where color
calibration equipment and personnel skilled in its use are not
available at each site. The key feature of camera performance
required for our current processing pipeline is that the camera
sensor responses are linear with light intensity. We veriﬁed this
for our Canon T2i camera and expect that it would be the case
for many comparable digital cameras, too. Our methods could
be adapted to cameras whose responses are not linear with
intensity by characterizing and correcting for the nonlinearity.12
We also developed methods to standardize the display
of images. Although the basic principles driving our method
are well established,10 2 features of our implementation are
worth noting. First, we chose commercially available monitors that were each equipped with a colorimetric calibration
 2013 Lippincott Williams & Wilkins
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head. This allowed us to use software supplied with the monitors to place each into the same colorimetric state, and then to
perform more extensive calibration measurements only for
a single monitor. Thus, specialized light measurement equipment is not required at all viewing locations, making standardized grading at multiple sites feasible. Second, we
calibrated the system with test images passed through the
same software pipeline that was to be used for the display
of the images to be graded. This choice ensures that any color
transformations applied by the image display software are
accounted for as part of the calibration process. In turn, this
means that our procedures can be applied to cases where we
do not have full control over the display software. For example, in clinical trials, it is sometimes desirable to have a third
party to obtain images directly from the clinical sites, mask
clinical information (eg, treatment group), and then transmit
them through a server–client setup to a reading center for
display. Our procedures are designed to accommodate this
type of a situation.

Grading System for Anterior Blepharitis
To the best of our knowledge, there are no established
scales that focus speciﬁcally on the assessment of anterior
blepharitis. Our grading system includes the features of blepharitis typically used in assessing the conditions such as erythema,
lid debris, and less conventionally assessed features to learn their
potential utility. We also assessed the reliability, reproducibility,
and validity of the gradings under this new system.

Reliability and Validity
We found a good overall agreement among graders and
moderate correlation between the gradings of digital images
and gradings by the clinicians who examined the patients. The
level of agreement we had among graders was substantial for
erythema and collarettes (range of weighted kappas, 0.62–
0.76). This level of agreement was similar, for instance, to
the agreement achieved by graders using the Early Treatment
Diabetic Retinopathy Study system for the signs of diabetic
retinopathy (0.41–0.8).3 As was the case for clinical fundus
examinations in the Early Treatment Diabetic Retinopathy
Study, there are many difﬁcult-to-control clinical variables in
assessing external and surface ocular diseases that hamper the
utility of clinical grading schemes. Basing a grading system
on the present approach to image acquisition, color calibration,
and display of external eye images comprises a useful starting
point to improve the assessment of ocular erythema, not only
anterior blepharitis but also other ophthalmic diseases.
The moderate correlation of the gradings (Spearman
correlation coefﬁcient z 0.40) of erythema and debris from
the images and the gradings by clinicians indicates that the image
grade is likely to be higher when the clinical grade is high, but
that there is still a variation between the image grade and the
grade assigned by clinicians. Only moderate correlation is expected because of the absence of speciﬁc clinical deﬁnitions of
the grade levels and because of the variability in incident lighting
from ofﬁce to ofﬁce, as occurred in the present investigation.
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Anatomic Variation in Signs
We found that the gradings did depend on the eyelid,
view of the lid, and subarea of the lid. Lower eyelids appeared
to be more erythematous and had more collarettes than the
upper eyelids did; eyelid skin had more erythema than did
the eyelid margin, and blood vessels were less likely to be
observed in the nasal subareas. Therefore, the lid, view, and
area of the eyelid ideally should be speciﬁed when assessing
signs of anterior blepharitis. Because the detailed grading of
subareas requires more time with only limited added information, a summary grading of the central two-thirds of the
eyelid could sufﬁce for most purposes.

Utility of Digital Photographic Images and
Image Analysis in Ophthalmology
The use of photographic images with standardized color
correction offers many advantages over those of clinical
grading. Examining a patient using the slit lamp is a complex
multidimensional dynamic process and involves variable lighting intensity, angle of the slit beam, magniﬁcation, and so
on. The potential to standardize such variables underlies
the adoption of photography for many areas of ophthalmic
diagnosis. For blepharitis, our approach provides color calibrated standardized images. With comprehensive grading forms,
basing the analysis on archived images allows for a more
detailed and quantitative assessment than is practical in a clinical
ofﬁce setting. Assessment by multiple graders, the potential for
adjudication of discrepancies from archived images, and the
possibility of using image analysis tools make the use of the
photographic assessment of eyelid disease attractive.

Limitations
Our study did not include subjects with severe blepharitis so that some signs typically observed only in severe
disease, such as microabscesses, could not be assessed
dependably. In addition, patients were photographed on only
1 occasion so that the reliability of the grading system over
time and sensitivity to change could not be assessed.

CONCLUSIONS
We introduce a technique for obtaining and viewing
photographic images of the eyelids, using methods of photography and color processing readily adaptable to research and
multisite clinical settings. We also developed and evaluated
a grading scale for the signs of anterior blepharitis. The method
permits centralized grading, which can minimize grading bias
and enable more detailed data collection.
Our grading system showed a moderate correlation with
clinical gradings by independent ophthalmologists and had
a good reproducibility overall. The development of more
objective measures for photographic features such as redness
would greatly strengthen the photographic assessment of anterior
blepharitis and could also facilitate the study of other ocular
conditions where the assessment of erythema is important.
Although the protocol was initially developed to study
anterior blepharitis, it could also be applied to other eyelid
diseases. In addition, to its use in clinical research, it could also
www.corneajrnl.com |
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have applications in clinical care and in developing photographic teaching sets.
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